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(54) Filter medium 




(57) A filter medium for filters wherein the evolution 


The fitter medium (1 ) for filters comprises a porous 


of organic gases and dusting from a reinforcing member 


polytetrafluoroethylene membrane (2) and a porous ult- 


are depressed and thus the excellent characteristics 


rahigh-molecular weight polyolefin membrane (3) as a 


inherent to a porous polytetrafluoroethylene membrane 


reinforcing member for the filter medium. 


as a collection layer are fully achieved. 





FIG. 1 




CO 

in 
o 
o 



a. 

LU 



Primed by Xerox (UK) Bunnell Services 

2 16 7 (HRS)/3 6 



EP 1 005 891 A1 



Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to filter media for filters with the use of porous polytetrafluoroethylene (hereinafter 
referred to as "PTFE" for simplicity) membranes. Wore particularly, it relates to filtering media for filters with the use of 
porous PTFE membranes which are appropriately used for collecting particles suspended in the atmosphere in clean 
rooms used in the fields of semiconductors, drugs, etc. It also relates to filtering media for filters (for example, filtering 
media for vent filters) with the use of porous PTFE membranes which are appropriately used for collecting dust invading 

10 into hard disks or dust formed in hard disks. 

BACKGROUND OF THE INVENTION 

[0002] As filter medium for filters, there have been frequently used those produced by blending glass fibers with 
75 binders and processing into a paper. However, these filter media suffer from some problems, for example, self-dusting 
due to fine fibers contained therein, self-dusting at bending process and dusting caused by deterioration due to contact 
with chemicals such as hydrofluoric acid. 

[0003] In recent years, filter media with the use of porous PTFE membranes, which are clean materials and highly 
resistant to chemicals, have attracted attention in the field of air filter technology. A porous PTFE membrane can be pro- 

20 duced by. for example, molding PTFE into a sheet and then stretching the sheet to thereby make it porous (see, for 
example, WO94/16802, JP-A-1 0-3003 1 ; the term "JP-A" as used herein means an "unexamined published Japanese 
patent application"). Because of having a low pressure drop and a high collection efficiency, a porous PTFE membrane 
produced via the pore-forming step as described above has an excellent collection performance. Therefore, filter media 
with the use of porous PTFE membranes are suitable particularly for achieving a highly clean environment required in 

25 clean rooms used in the fields of semiconductors, etc. 

[0004] However, an adequate rigidity for filter media can be hardly established by using a porous PTFE membrane 
alone. Therefore, in many cases, a porous PTFE membrane is bonded to an air-permeable porous material or lami- 
nated thereon to give a filter medium for filters. As the air-permeable material serving as the reinforcing member, use 
is generally made of nonwoven fabrics. 

30 [0005] An air filter unit obtained by pleating a laminate consisting of a nonwoven fabric and a porous PTFE mem- 
brane can actually establish a remarkably excellent performance, i.e., collecting particles (0.1 urn) at an efficiency of 
99,999999% or above. Namely, filter media for filters with the use of porous PTFE membranes have characteristics fun- 
damentally appropriate for improving a high environmental cleanness required in clean rooms, etc. 
[0006] However, these conventional filter media for filters consisting of a nonwoven fabric and a porous PTFE mem- 

35 brane suffer from problems of pollution caused by self-dusting from the nonwoven fabric and pollution with organic 
gases evolved from the nonwoven fabric. In particular, it is pointed out that organic gases (for example, dioctyl phtha- 
late, 2,6-di-tert-butyl-p-cresol and dibutyl phthalate, hereinafter referred to respectively as "DOP", "BHT" and "DBFT for 
simplicity) evolved from the conventional filter media exert unfavorable effects on products in the field of manufacturing 
semiconductors. 

40 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to overcome the above-described problems by taking advantage of the 
characteristics inherent to porous PTFE membranes to thereby provide a filter medium for filters being capable of 

45 establishing improved environmental cleanness. 

[0008] To achieve the above object, the filter medium of the present invention comprises a laminate comprising a 
porous ultrahigh-molecular weight polyolelin membrane and a porous polytetrafluoroethylene membrane. Because of 
having as a reinforcing member a porous ultrahigh-molecular weight polyolefin membrane as a substitute for the non- 
woven fabrics employed in the conventional ones, the filter medium according to the present invention can provide 

50 improved environmental cleanness compared with the existing ones. 

[0009] The term "ultrahigh molecular weight" as used herein means having an average molecular weight of at least 
500,000, preferably from 500,000 to 16,000,000, when determined by the viscosity method (ASTM D4020). 
[0010] It is preferable that the filter medium for filters according to the present invention shows a degree of dusting 
of 500 particles/cf or less in a tear crease-flex test. The present invention makes it possible to provide a high perform- 

55 ance filter medium for filters wherein the degree of dusting has been be reduced to the level as defined above. 

[0011] It is also preferable that the filter medium for filters as described above contains 2 u.g/g or less (2 ppm or 
less) of a compound selected from among DOP, BHT and DBP when determined gas chromatography. The present 
invention makes it possible to depress the evolution of the organic gases as described above which are harmful partic- 
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ularly in the field of manufacturing semiconductors. 

[0012] In the filter medium for filters as described above, it is preferable that the porous ultrahigh-rnolecular weight 
polyolefin film is a porous film of ultrahigh-rnolecular weight polyethylene (hereinafter referred to as "UHMWPE" for sim- 
plicity). It is still preferable that this UHMWPE has a viscosity-average molecular weight of from 500,000 to 16,000,000. 
5 However, use may be made of other ultrahigh-rnolecular weight polyolefins (for example, ultrahigh-rnolecular weight 
polypropylene) as the porous ultrahigh-rnolecular weight polyolefin membrane. 

[0013] Also, it is preferable that, in the above -described filter medium for filters, ultrahigh-rnolecular weight polyole- 
fin particles in the porous ultrahigh-rnolecular weight polyolefin membrane are bonded to each other so as to form a 
porous structure provided with the voids among these particles. Such a porous structure can be confirmed by, for exam- 
io pie, observing under an electron microscope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

15 

Fig. 1 is a sectional view showing an embodiment of the filter medium for filters according to the present invention. 
Fig. 2 is a sectional view showing another embodiment of the filter medium for filters according to the present inven- 
tion. 

Fig. 3 is a sectional view showing another embodiment of the filter medium for filters according to the present inven- 
20 tion. 

Fig. 4 is a sectional view showing another embodiment of the filter medium for filters according to the present inven- 
tion. 

[0015] In these drawings, each numerical symbol shows as follows: 

25 

1,10, 20,30 : Filter medium for filters 

2 : Porous PTFE membrane 

3 : Porous ultrahigh-rnolecular weight membrane. 

30 DETAILED DESCRIPTION OF THE INVENTION 

[0016] Now preferable embodiments of the present invention will be illustrated by referring to the attached draw- 
ings. 

[0017] Figs. 1 to 4 are each a sectional view showing one example of a constitution of the filter medium for filters 
35 according to the present invention. As Figs. 1 to 4 show, the filer media (1), (10), (20) and (30) for filters according to 
the present invention each comprises a laminate comprising at least one porous PTFE membrane layer (2) and at least 
one porous ultrahigh-rnolecular weight polyolefin membrane layer (3). The porous PTFE membranes (2) and the porous 
ultrahigh-rnolecular weight polyolefin membrane (3) are not restricted in the number of the laminated layers. In the filter 
medium for filters, the porous PTFE membrane (2) and the porous ultrahigh-rnolecular weight polyolefin membrane (3) 
40 may be alternately laminated each other. Alternatively, either the porous PTFE membrane or the porous ultrahigh- 
rnolecular weight polyolefin membrane may be continuously laminated, as Fig. 4 shows. 

[0018] The porous PTFE membrane (2) is not restricted in average pore size, thickness, porosity, etc. However, it 
is preferable in general that the average pore size thereof ranges from 0.2 to 2.0 urn, the thickness thereof ranges from 
5 to 50 urn and the porosity thereof ranges from 60 to 95%. When it is to be used in an environment wherein a high 
45 cleanness is required (for example, in a semiconductor clean room), it is preferable that the porous PTFE membrane 
has a PF (Performance of Filter) value, which indicates the ability to collect dust, exceeding 20. The PF value is calcu- 
lated in accordance with the following formula: 

PF value - [-log (1 - A/100)/B] x 100 

50 

[0019] In the above formula, A means a collection efficiency; and B means a pressure drop expressed in mmH 2 0. 
[0020] Such a porous PTFE membrane (2) can be obtained by the conventional production methods disclosed in, 
for example, the patents cited above (WO 94/16802, JP-A-1 0-3003 1 ), etc. The method employed for producing the 
porous PTFE membrane is not particularly restricted, so long as the above -described object of the present invention 
55 can be achieved thereby. 

[0021] It is preferable that in the porous UHMWPE membrane, UHMWPE particles are bonded to each other so as 
to form a porous structure provided with the voids among these particles, 

[0022] The porous ultrahigh-rnolecular weight polyolefin membrane can be produced by the conventional produc- 
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tion methods disclosed in, for example, JP-B-2589350 (the term "JP-B" as used herein means an "examined Japanese 
patent application") involving the step of heating an ultrahigh-molecular weight polyolefin powder under elevated pres- 
sure by using a mold. 

[0023] More particularly, an ultrahigh-molecular weight polyolefin powder is filled in a mold and pre-molded at a 
5 temperature lower than the melting point of the ultrahigh-molecular weight polyolefin powder In this pre-molding step, 
it is appropriate to regulate the pressure to 0.3 to 40 kg/cm 2 . Next, the pre-molded article is pressure-molded at a tem- 
perature higher than the melting point of the ultrahigh-molecular weight polyolefin powder. In this pressure-molding 
step, it is appropriate to regulate the pressure to 10 g/cm 2 to 5 kg/cm 2 . 

[0024] Thus, the ultrahigh-molecular weight polyolefin particles are three-dimensionally bonded to the adjacent 
10 ones with each other at the contact sites and thus form a porous structure. (Namely, a molded porous article in the form 
of a block can be obtained.) 

[0025] The ultrahigh-molecular weight polyolefin powder has an average particle size preferably ranging from 1 5 to 
300 jim, still preferably from 20 to 1 50 urn 

[0026] The molded porous article in the form of a block thus obtained is then cut into a desired thickness with the 
75 use of a lathe, etc. The thickness of the porous ultrahigh-molecular weight polyolefin membrane thus obtained is pref- 
erably 3000 jim or less, and more preferably from 30 to 2000 jim. The porosity of the porous ultrahigh-molecular weight 
polyolefin membrane is preferably from 35 to 80%. 

[0027] Subsequently, the porous PTFE membrane is laminated on the porous ultrahigh-molecular weight polyolefin 
membrane. The lamination may be performed by an arbitrary method without restriction. For example, an adhesive 

20 member may be located between these membranes. The porous ultrahigh-molecular weight polyolefin membrane has 
a high melt viscosity and undergoes little change in the three-dimensional porous structure, thus showing no decrease 
in air permeability, etc., even though it is heated to a temperature higher than its melting point. It is therefore favorable 
to heat the porous ultrahigh-molecular weight polyolefin membrane to its melting point or higher (preferably from the 
melting point to a temperature higher by 30°C than it) and directly laminate on the porous PTFE membrane. The lami- 

25 nation may be carried out by, for example, superposing the porous PTFE membrane and the porous ultrahigh-molecular 
weight polyolefin membrane on each other in a definite order and then passing through a pair of rolls having been 
heated to the melting point of the porous ultrahigh-molecular weight polyolefin membrane or above. 
[0028] Since the thus obtained filter medium for filters contains as a reinforcing member not a nonwoven fabric but 
the porous ultrahigh-molecular weight polyolefin membrane, the degree of dusting can be lowered and the amount of 

3D the organic gases evolved therefrom can be reduced. 

[0029] More particularly speaking, the degree of dusting (i.e., the particle concentration measured in the tear 
crease-flex test as will be described hereinafter) can be lowered to 500 particles/cf (cubic feet) or less. With respect to 
the organic gas evolution, the amount of an organic gas selected from among DOP, BHT and DBP can be reduced to 
2 jig/g or less (2 ppm or less) in the quantitative analysis as will be described hereinafter. It is adequate that DOP, BHP 

35 and DBP are evolved each in an amount of 2 u.g/g or less. 

[0030] To achieve an excellent dust -collecting performance, it is preferable that the above-described filter medium 
for filters shows a pressure drop of 50 mmH 2 0 or less, when measured by the method as will be described hereinafter. 
[0031] The present invention will be described in greater detail by reference to the following Examples, but it should 
be understood that the invention is not construed as being limited thereto. 

40 [0032] In these Examples, the amount of gas evolved, degree of dusting, pressure drop and collection efficiency 
were determined by the following respective methods. (Quantitative analysis on gas evolution) 

[0033] A gas was evolved by using a purge & trap type Curie point head space sampler (JHS-100A, manufactured 
by Japan Analysis Industry) and then introduced into a gas chromatograph (GC-17A, manufactured by Shimadzu Cor- 
poration) followed by analysis. The analysis was performed under the following conditions. 

45 

• Conditions for gas evolution with head spacer sampler; 

[0034] A sample was put into a sample tube and heated to 1 20°C (the primary desorption temperature) for 20 min- 
utes while flowing helium gas. Then the gas evolved from the sample was trapped in glass wool at -40°C (the secondary 
so adsorption temperature). The glass wool was heated to 358°C (the secondary desorption temperature) for 30 seconds 
and the gas thus evolved was quantitated by gas chromatography. 

• Conditions for gas chromatographic analysis: 

55 [0035] As a column, use was made of a DB-1 column (manufactured by J & W, diameter: 0.25 mm, height: 30 m). 
After maintaining at 45°C for 3 minutes, the column temperature was elevated at a rate of 10°C/min and then main- 
tained at 260°C for 3 minutes. A flame ionization detector (FID) was employed as a detector, while helium gas was 
employed as a carrier gas. 
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(Degree of dusting) 

[0036] Degree of dusting was determined in a clean bench by the following method. 

[0037] A sample (150 mm x 200 mm) was located about 10 cm above a dust suction inlet (diameter: 30 cm) con- 
5 nected to a particle counter (suction rate: 1 l/min) and subjected to a tear crease-flex test as follows. 

[0038] First, the sample was torn from around the center of the major side (200 mm) in parallel to the minor side 
(150 mm) with clean-gloved hands without resort to any cutter. Subsequently, the sample thus torn was creased and 
flexed for 15 seconds with clean-gloved hands too. 

[0039] In this tear crease-flex test, the concentration of particles (0.3 ^m or larger) was measured continuously with 
to a particle counter for 1 minutes immediately after tearing. After repeating the above -described test 5 times, the concen- 
tration calculated by subtracting the background concentration from the maximum particle concentration among the 
data measured 5 times was referred to as the degree of dusting (expressed in particles per cubic feet). 

(Pressure drop) 

15 

[0040] After setting a sample in a circular holder having an effective area of 100 cm 2 , air was permeated through 
the sample at a face velocity regulated to 5.3 cm/sec with a flow meter. Then the pressure drop was measured with a 
manometer. 

20 (Collection efficiency) 

[0041] After setting a sample in the same holder as in the measurement of the pressure drop, air was permeated 
through the sample at a face velocity regulated to 5.3 cm/sec with a flow meter. Polydtspersed dioctyl phthalate (DOP) 
of 0.1 to 0.2 ^im in particle size was supplied as an aerosol to the upstream part at a rate to give a concentration of about 
25 10 8 particles/liter. Then the particle concentration in the upstream part and the concentration of the particles in the 
downstream part penetrating thorough the sample were measured with a laser particle counter. The collection effi- 
ciency was determined in accordance with the following formula. 

Collection efficiency (%) = (1 - C D /Cu) x 100. 

30 

[0042] In the above formula, C D means the particle concentration in the downstream part; and Cy means the par- 
ticle concentration in the upstream part. 

EXAMPLE 1 

35 

[0043] 100 Parts by weight of a fine PTFE powder (Fluon CD- 123, manufactured by Asahi-ICI Fluoropolymers) was 
uniformly mixed with 30 parts by weight of a liquid lubricant (liquid paraffin). The resulting mixture was pre-molded at 
20 kg/cm 2 and then paste-molded into a rod by extrusion. The molded article in the form of rod was passed between a 
pair of metal rolls to obtain a continuous sheet having a thickness of 0.2 mm. After removing the liquid lubricant from 

40 the molded article in the form of sheet by the extraction method using Trichlene, the sheet was wound up around a pipe. 
Then the sheet was stretched by rolling 20-fold in the lengthwise direction of the sheet at 320°C. Next, it was further 
stretched by tentering 30-fold in the width direction at 90°C, thereby obtaining a porous PTFE membrane. The obtained 
porous PTFE membrane was further heated to 390°C for 5 seconds with fixing dimensionally. Thus, a desired porous 
PTFE membrane (thickness: 12 p.m, average pore size: 1 p.m, porosity: 91%) was obtained. When measured the above- 

45 described methods, this porous PTFE membrane showed a pressure drop of 15 mmH 2 0 and a collection efficiency of 
99.993%. The PF value of this porous PTFE membrane was 27.7. 

[0044] Next, 30 kg of an UHMWPE powder (molecular weight: 5,000,000, m.p.: 135°C, average particle size: 120 
jim) was supplied into a cylindrical mold sealed at the bottom (bottom area: 1300 cm 2 ) and heated to 130°C under ele- 
vated pressure of 1 0 kg/cm 2 , thereby adjusting the height of the powder packing to 55 cm (pre-molding). Subsequently, 

so the powder was further heated to 160°C under elevated pressure of 50 g/cm 2 for 1 2 hours and then cooled by allowing 
to stand at room temperature (about 25°C) for 48 hours. After cooling, a porous molded article in the form of a block 
(diameter: about 40 cm, height: 54 cm) was taken out from the mold and cut with a lathe to give a thickness of 200 urn. 
Thus, a desired porous UHMWPE membrane (porosity: 60%, average pore size: 35 u.m) was obtained. 
[0045] The porous PTFE membrane and the porous UHMWPE membrane thus prepared were superposed on 

55 each other and laminated by the heat-pressure lamination method using a pair of rolls (roll temperature: 1 50°C) to give 
a filter medium for filters having the same constitution as the filter medium shown in Fig, 1 . 
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EXAMPLE 2 



[0046] A filter medium for filters was obtained in the same manner as in Example 1 except for laminating a porous 
UHMWPE membrane and porous PTFE membranes to give the same constitution as the filter medium shown in Fig. 2 
5 (i.e., the porous UHMWPE membrane being sandwiched between a pair of porous PTFE membranes). 

EXAMPLE 3 

[0047] A filter medium for filters was obtained in the same manner as in Example 1 except for laminating porous 
w UHMWPE membranes and a porous PTFE membrane to give the same constitution as the fitter medium shown in Fig. 
3 (i.e., the porous PTFE membrane being sandwiched between a pair of porous UHMWPE membranes). 

C OMPARATIVE EXAMPLE 1 

i5 [0048] A filter medium for filers was obtained in the same manner as in Example 1 except for using, as a substitute 
for the porous UHMWPE membrane, a polyester/polyethylene core-shell type non-woven fabric (ELEVES, manufac- 
tured by Unitika, Ltd., basis weight: 40 g/m 2 thickness: 180 (im) and setting the roll temperature to 140°C. 

COMPARATIVE EXAMPLE 2 

20 

[0049] A filter medium for filers was obtained in the same manner as in Example 1 except for using, as a substitute 
for the porous UHMWPE membrane, a non-woven polyester fabric (SYNTEX, manufactured by Mitsui Petrochemical 
Industries, Ltd., basis weight: 45 g/m 2 , thickness: 200 u,m) on one face of which a polyethylene powder (melting point : 
about 95°C) had been applied at a rate of 10 g/m 2 and fused by heating to 120°C and setting the roll temperature to 
25 140°C. 

COMPARATIVE EXAMPLE 3 

[0050] A commercially available filter medium for filters made of glass fiber of the ULPA (Ultra Low Penetration Air) 
30 grade was used. 

COMPARATIVE EXAMPLE 4 

[0051] The porous PTFE membrane obtained in Example 1 was used alone as a filter medium for filters. 

35 

COMPARATIVE EXAMPLE 5 

[0052] The porous UHMWPE membrane obtained in Example 1 was used alone as a filter medium for filters. 
[0053] The filter media for filters obtained in the above Examples and Comparative Examples were subjected to the 
40 quantitative analysis on gas evolution by the method described above. Moreover, degrees of dusting, pressure drops 
and collection efficiencies thereof were determined. 
[0054] The results obtained are shown in the Table below. 



TABLE 





Gas evolved (\ig/g) 


Degree of dusting 
(particles/cf) 


Pressure drop 
(mmH 2 0) 


Collection effi- 
ciency (%) 




DOP 


BHT 


DBP 


N compound 








Ex. 1 


<0.3 


0.6 


<0.3 


<0.3 


350 


28 


99.997 


Ex. 2 


<0.3 


0.6 


<0.3 


<0.3 


320 


48 


99.999999 


Ex. 3 


<0.3 


0.7 


<0.3 


<0.3 


390 


29 


99.999 


C.Ex. 1 


<0.3 


23.0 


2.3 


<0.3 


2,056 


24 


99.995 


C.Ex. 2 


<0.3 


4.2 


<0.3 


<0.3 


2,793 


26 


99.997 


C.Ex. 3 


<0.3 


<0.3 


86 


162 


5,860 


51 


99 998 
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TABLE (continued) 







Gas evolved (ng/g) 


Degree of dusting 
(particles/cf) 


Pressure drop 
(mmH 2 0) 


Collection effi- 
ciency (%) 


5 




DOP 


BHT 


DBP 


N compound 










C.Ex. 4 


<0.3 


<0.3 


<0.3 


<0.3 


measurement 
impossible due to 
breakage 


15 


99.993 


10 


C.Ex. 5 


<0.3 


0.6 


<0.3 


<0.3 


330 


7 


<50 



[0055] As the above Table clearly shows, the filter media for filers of the above Examples could reduce the concen- 
trations of DOP, BHT and DBP each to less than 1 ng/g (1 ppm) in the quantitative analysis on gas evolution carried out 
by the above-described method. The BHT concentrations measured in these Examples including Example 1 were each 

15 regulated to a level 20% or less as much as the BHP concentrations in Comparative Examples 1 and 2 measured under 
the same conditions. Also, the concentrations of DOP, DBP and nitrogen compounds measured in these Examples 
including Example 1 were each comparable or lower than those in Comparative Examples 1 and 2. 
[0056] As the Table also shows, the filter media for filers of the above Examples could reduce degree of dusting 
each to less than 500 particles/cf. The degrees of dusting measured in these Examples including Example 1 were each 

20 regulated to a level 20% or less as much as those in Comparative Examples 1 and 2. 

[0057] Thus, filter media for filters having a collection efficiency of 99.99% or above could be obtained in these 
Examples. When the same porous PTFE membrane was employed but a porous UHMWPE membrane was used as a 
substitute for a nonwoven fabric as a reinforcing member, the degree of dusting could be lowered and the organic gas 
evolution could be depressed without substantially deteriorating the collection performance. 

25 [0058] The filter medium for filters of Comparative Example 3 with the use of glass fiber was inferior in degree of 
dusting, etc. to those with the use of the porous PTFE membrane. Although the filter medium for filters of Comparative 
Example 4 with the use of the porous PTFE membrane alone was excellent in gas evolution, pressure drop and collec- 
tion efficiency, it was easily broken in the test on degree of dusting, thus failing to achieve an adequate strength as a 
filter medium for lilters. Although the filter medium for filters of Comparative Example 5 with the use of the porous 

30 UHMWPE membrane alone was excellent in gas evolution, degree of dusting, pressure drop and collection efficiency, 
it showed a low collection efficiency and thus was inappropriate for the desired filter medium for filters. 
[0059] As described above, the present invention can provide a filter medium for filters, wherein an porous ultra- 
high-molecular weight polyolefin membrane is used as a reinforcing member, capable of achieving a clean environment 
by taking advantage of the excellent characteristics inherent to a porous PTFE membrane as a collection layer. 

35 

Claims 

1. A filter medium for filters, comprising a laminate comprising a porous ultrahigh-molecular weight polyolefin mem- 
brane and a porous polytetrafluoroethylene membrane. 

40 

2. The filter medium for filters as claimed in claim 1 , which has a degree of dusting of 500 particles/cf or less in a tear 
crease-flex test. 

3. The filter medium for filters as claimed in claim 1 or 2, which contains 2 ng/g or less of a compound selected from 
45 the group consisting of dioctyl phthalate, 2,6-di-tert-butyl-p-cresol and dibutyl phthalate when determined gas chro- 
matography. 

4. The filter medium for filters as claimed in claim 1 , 2 or 3, wherein said porous ultrahigh-molecular weight polyolefin 
film is a porous ultrahigh-molecular weight polyethylene film. 

50 

5. The filter medium for filters as claimed in claim 1 , 2, 3 or 4, wherein ultrahigh-molecular weight polyolefin particles 
in said porous ultrahigh-molecular weight polyolefin membrane are bonded to each other so as to form a porous 
structure provided with the voids among said particles. 

55 
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FIG. 1 




FIG. 2 




FIG. 3 




EP 1 005 891 A1 




9 



EP 1 005 891 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 12 3369 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt.CI.7) 



PATENT ABSTRACTS OF JAPAN 

vol. 1995, no. 10, 

30 November 1995 (1995-11-30) 

& JP 07 171318 A (MITSUBISHI PLASTICS IND 

LTD), 11 July 1995 (1995-07-11) 

* abstract * 

EP 0 808 648 A (NITTO DENKO CORP) 
26 November 1997 (1997-11-26) 

* examples * 



1,4 



B01D39/16 



TECHNICAL FIELDS 
SEARCHED 0nt.CI.7> 



B01D 
B32B 



The present search report has been drawn up tor all claims 



Placa ot »MKf* 

THE HAGUE 



Oat* of etxnpteton ot ma March 

21 March 2000 



Eiaminai 

Plaka, T 



CATEGORY OF CITED DOCUMENTS 

X : particularly rakavant * taken alone 

Y particularly ratovant f combined w*h another 

document el the same category 
A : technological background 
O : no n -written dtadoeure 
P rtermedlate documeffl 



T : theory or principle under ymg tha invention 
E : aarliar patent document, but puPhehed on, or 

after tha tiling data 
D : documant a tad in tha application 
I documant cited lor othar reeaone 

& : member of tha same patant lamily, correspond ng 
documant 



10 



EP 1 005 891 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 12 3369 



The annex lists the patent family membersrelating to the patent documents ated in the above-menboned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable (or these particulars which are merely given (or the purpose of information. 

21-03-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



JP 07171318 A 
EP 0808648 A 



11-07-1995 
26-11-1997 



NONE 



JP 10030031 A 
US 5910277 A 



03-02-1998 
08-06-1999 



For more details about this annex see Oflicial Journal o( the European Patent Office, No. 12/82 



11 



